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Typical Calabrian cured meat products, produced with meat of local and commercial pig breeds were evaluated and 
characterized for their quality and homogeneity. Sensory, microbiological and physicochemical analyses were 
carried out at the end of cured meat products ripening. A wide statistical variability was observed in these commercial 
products due to both company and different productions. The mineral composition was similar to that observed by 
other authors in similar cured meat products; the statistical analysis revealed only a difference among the samples 
for magnesium (P<0.01) and for calcium (P<0.05) contents. According to the performed sensory analysis, the meat 
products were acceptable with some differences due to both production and company variables. About microbial 
populations, the most abundant were lactic acid bacteria and total aerobic bacteria, while enterobacteria were less 
represented.
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Typical food is defined as a product made in a non-industrial environment, traditional or 
unique, characterized by small-scale batch production with a limited degree of mechanization 
(KuPiec & ReVell, 1998). A typical food is specially linked with a given territory. In a 
changing context of consumption culture, the interest of consumers with respect to the so-
called “typical” foods is increased, in particular in Italy (iAccARino et al., 2006). Some 
different Italian salami are registered as a protected designation of origin (PDO) or 
geographical indication (PGI) according to European Council Regulation (EC, 2006), and, 
among these, four typical cured meat products of Calabria region (“soppressata, capocollo, 
salsiccia and pancetta”, EC, 1998) received the PDO in the last ten years.
Pork is the main used meat and fungal starter cultures are sometimes used on the external 
surface (TAlon et al., 2004). Usually 2–4% NaCl is added, assuring the microbiological 
stability (ocKeRmAn & BAsu, 2007) and enhancing flavour, texture, and shelf-life of meat 
products (Ruusunen & PuolAnne, 2005). In large-scale processes devised for the production 
of rapid ripened sausages, nitrite salts are used as the only curing agents and mixed starter 
cultures containing both lactic acid bacteria and Micrococcaceae strains are usually inoculated 
(sAnz et al., 1997).
Among the excellent Calabrian gastronomic products, cured meat products are very 
representative for the role of the pork as primary source of survival. The pigs are nourished 
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with local foods and they are subjected to better life conditions than ones bred in intensive 
livestock farming.
The spicy sausage (salsiccia) has cylindrical shape with varying length and thickness 
and can be intertwined. Its appearance of red colour and the hot flavouring are due to the 
presence of red pepper in its preparation. The used ingredients are: about 80% boneless pork 
lean meat (shoulder and rib), about 20% lard, and spices as ground black pepper, hot and red 
pepper. The ripening lasts about 2 months.
The soppressata has a lightly flat cylindrical shape. Its appearance is compact after 
cutting, it is soft and of red colour. The lean portion is composed of the cuts of ham and 
shoulder, the fat (15% of the total) derives from the loin beside the neck. Salt, black and red 
pepper, and often also chili sauce are added. The ripening lasts for 3–6 months.
The capocollo is composed of the upper part of the pork loin that is boned and dry-
salted, with the adding of the covering fat to obtain a softer texture during the ripening. Also, 
red and black pepper could be present in its preparation. It is not a salami because it is not 
produced with minced meat. Generally it is also smoked to gain the typical flavour and 
preservation for several months.
The ‘nduja salami originates from the Calabria region as “poor food” for the need of the 
farmers to use the pork meat remaining after the fine cuts were destined to the landholders. 
‘Nduja is a unique salami having a creamy texture, so it is spread and very versatile in 
cooking recipes. In this preparation, the fatty parts of pork, lard, fat and underbelly are mixed 
with red pepper, salt and natural flavourings. The rate pork/red pepper varies from 2:1 to 3:1. 
The pepper is obtained from cultivated plants in the Mount Poro (Calabria, Italy) belonging 
to hot or sweet cultivars. An eventual smoking is carried out with particularly aromatic wood. 
The ripening lasts for about 1–2 months. No microbial starters are added to these meat 
preparations.
The aim of this work was to evaluate chemical, microbiological and sensory 
characteristics of four typical Calabrian cured meat products, produced from Italian pork 
meat, in order to better characterize these ripened products.
1. Materials and methods
1.1. Cured meat sampling
Ten cured pork meat producing companies were selected in four provinces of the Calabria 
region: Cosenza, Reggio Calabria, Vibo Valentia and Catanzaro (Italy). The selection was 
applied for the geographic position and for the production rate. The attention was turned on 
little manufactures working continuously during the year, and dairy farms with semi-
industrial production. The monitored companies own an amount of bred heads ranging from 
250 to 2500 and supply principally the local market. Among these, two companies sell their 
products also to the national market.
The cured meat products were prepared using the most valuable cuts from pig breeds 
Large white, Landrance, Duroc, Nero Calabrese and several hybrids. All the four Calabrian 
products were stuffed in natural casings from pig intestine and were stored in traditional 
ripening rooms where the temperature ranged from 10 to 12 °C for ‘Nduja and from 14 to 
18 °C for the other products, while the R.H. ranged from 70 to 85%. Four pork meat 
preparations were sampled three times in each farm. The analysed products were spicy 
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sausage (SAU), soppressata (SOP), ‘nduja (ND) and capocollo (CAP). The size of the 
sampled products was 500–600 g (SAU), 400–500 g (SOP), 500 g (ND) and 2–3 kg (CAP).
1.2. Chemical analyses
The pH value was measured by a pH meter (Crison Basic 20) equipped with an electrode for 
solid surfaces (Crison 5232).
The moisture, ash, and chlorides analyses were carried out according to A.O.A.C. 
methods a, b and c, respectively (A.o.A.c., 2000).
The water activity of homogenized samples was measured by an Aqua lab (3TE, 
Decagon devices Inc., Washington) apparatus, which uses the chilled-mirror dewpoint 
technique.
The protein content was obtained according to Kjeldahl method d (A.O.A.C., 2000) 
through a DK6 Heating Digester and UDK 132 Semiautomatic distillation unit (Velp 
Scientifica).
The fat content was determined with Soxhlet method through the extraction (mod. BE 
6, Sical) with petroleum ether after acid hydrolysis.
Calcium, magnesium, potassium, sodium, iron, zinc and manganese contents were 
determined by atomic absorption spectrophotometer (Perkin Elmer AAnalyst 100), measuring 
the amount of light absorbed at a specific wavelength by using a hollow cathode lamp as the 
primary light source, a monochromator and a detector. A mixture of acetylene:air was used 
for flame alimentation. The software AA WinLabTM was employed.
1.3. Microbiological analyses
After the surface peeling, 10 g of the single homogenized sample were transferred into sterile 
stomaching bags (BagFilter P/10, 400 ml, Interscience) combined with 90 ml of sterile ringer 
solution (BR0052G, OXOID) and then pummelled in a Stomacher (BagMixer 400, 
Interscience) for 2 min. Serial dilutions of the samples were analysed in solid media: total 
aerobic mesophilic bacteria in Plate Count Agar (Oxoid) incubated at 32 °C for 24 h; lactic 
acid bacteria in De Man Rogosa and Sharpe Agar (Oxoid) added with 50 mg l–1 of Nystatin, 
incubated anaerobically at 32 °C for 48 h; yeasts and moulds in Oxytetracycline Glucose 
Yeast Extract Agar (OGYE, Oxoid) at 25 °C for 48 h; Staphylococcus and Micrococcus spp. 
in Mannitol Salt Agar (Liofilchem) at 32 °C for 72 h; Enterobacteriaceae on Violet Red Bile 
Glucose Agar (Oxoid) after 24 h at 37 °C. The analyses were done in triplicate, and the results 
were expressed as CFU g–1.
1.4. Sensory analysis
For the evaluation of the Quantitative Descriptive profile of the four product types, four 
different panels were formed each consisting of eight panellists (four females and four males, 
22–34-year-old).
Samples were cut by means of a slicing electric machine to 2 mm thick slices for spicy 
sausage and 1.5 mm thick slices for soppressata and capocollo. ‘Nduja samples, due to their 
particularly spreadable texture, were hand-cut and portioned in 50 g slices. All samples were 
left for 1 h at room temperature. All sessions were conducted at 22–25 °C in an eight booth 
sensory panel room equipped with white fluorescent lighting. During panel sessions, each 
sample was tasted in a randomized design with three replications.
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Sensory attributes were evaluated by using a continuous unstructured scale (10 cm) 
without references. The descriptors established for the products are shown in each score plot 
(Figs 2–5).
1.5. Data analyses
SPSS software (version 17.0, Inc.) was used for data processing. Two-way analysis of 
variance (Anova) was used to test the effect of the different companies and products on the 
final measured chemical and microbiological parameters. The data reported in the tables are 
means, standard deviation and significance. One-way Anova was used to test the effect of 
different cured meat products on mineral composition. Sensory analysis data were submitted 
to Principal Component Analysis.
2. Results and discussion
2.1. Chemical analysis
The composition analysis of the four Calabrian cured meat products is shown in Table 1. The 
physicochemical parameters were characterized by a wide variability: these findings are in 
line with the literature concerning other typical Italian fermented sausages (DellAglio et al., 
1996; cenci-gogA et al., 2008; zAnARDi et al., 2010).
Table 1. Influence of different companies and samples on the chemical composition  
of Calabrian cured meat products
Samples aW pH Dry matter 
(%)
Ash  
(%)
Protein  
(%)
Fat  
(%)
CAP 0.837±0.060 6.02±0.39 65.29±6.10 4.75±0.88 30.75±2.88 25.57±3.18
ND 0.804±0.074 4.88±0.37 75.04±7.45 3.28±0.70 24.80±2.56 39.70±3.87
SAU 0.805±0.063 5.71±0.49 69.87±4.72 4.29±0.64 29.83±2.25 31.64±3.14
SOP 0.835±0.059 5.59±0.50 64.48±4.75 4.12±0.43 29.26±1.13 27.93±1.26
Significance
Company ** * ** ** ** **
Sample * ** ** ** ** **
Company×sample * * n.s. ** ** **
CAP: capocollo; ND: ’nduja; SAU: spicy sausage; SOP: soppressata. Data are shown as means and standard 
deviations. n.s.: not significant; *P<0.05; **P<0.01
Regarding the chemical analyses reported in Table 1, the two-way Anova revealed that 
both company and different samples had an influence on the variability of the results, while 
the combined effect of company and sample did not affect the dry matter content.
The observed mean values of aW in CAP, SAU and SOP were quite lower than those of 
other typical Italian products observed by other authors (Di cAgno et al., 2008; zAnARDi et 
al., 2010). ND and SAU showed the lowest aW values among all samples, probably because 
of the particularly fatty pork cuts used for these typical products. The lowest water content 
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was in line with the highest dry matter values of ND and SAU. The ND showed also the 
lowest pH value (4.88) probably due to the greater degree of grinding of the meat, pork fatty 
cuts and pepper sauce. Also, the ash and protein contents were the lowest compared to the 
other products.
The means of aW, dry matter, protein and fat contents revealed a wide variability among 
the ten analysed companies (data not shown), showing that the influence of producer was 
always significant for all analyses.
2.2. Mineral composition
The mineral content of the different analysed products is shown in Table 2. As expected, 
sodium was the most representative mineral because of the salt addition necessary for 
hygienic and sensorial aspects. The second most abundant mineral was potassium, but there 
were no statistical differences for sodium and potassium elements among the samples. As for 
the other analysed minerals, the statistical analysis revealed a significance for magnesium 
(P<0.01) and for calcium (P<0.05).
Table 2. Mineral composition (mg/100 g) of Calabrian cured meat products
CAP ND SAU SOP Significance
Na 2007±270 2104±467 1912±301 2007±278 n.s.
K 646±31.2 570±116.9 649±65.3 626±56.0 n.s.
Mg 18.94±3.55 c 20.91±5.42 bc 25.38±5.11 a 24.13±2.99 ab **
Ca 7.52±2.02 b 8.00±1.75 b 8.51±2.20 ab 11.49±5.65 a *
Fe 4.64±0.80 4.37±0.57 4.24±0.77 5.01±0.72 n.s.
Zn 4.33±0.80 4.52±0.84 4.16±0.31 4.88±0.69 n.s.
Mn 0.30±0.11 0.32±0.12 0.34±0.08 0.36±0.16 n.s.
CAP: capocollo; ND: ’nduja; SAU: spicy sausage; SOP: soppressata. Data are shown as means and standard 
deviations; n.s.: not significant; *P<0.05; **P<0.01
The levels of most minerals are comparable to those detected by zAnARDi and co-workers 
(2010) in Italian salami. However, the means of Na, K and Fe values, shown in Table 2, are 
higher than those reported by these authors (1881, 440 and 1.4 mg/100 g, respectively), while 
the calcium level is strangely much lower (than 37 mg/100 g), closer to the minimum value 
(8 mg/100 g). The level of Mg is comparable to the results previously reported by the authors 
(16 mg/100 g).
2.3. Microbiological analysis
Figure 1 shows the growth of different microbial population for all analysed Calabrian cured 
meat products. Different letters show significant difference for every single microbial 
population among the different products.
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Fig. 1. Microbiological results of different Calabrian cured meat products. : CAP; : ND; : SAU; : SOP
The highest microbial level was reached by lactic acid bacteria (LAB) and total aerobic 
mesophilic bacteria on SAU and SOP samples, which were statistically similar for every 
tested microbial population. The lowest microbial counts were observed in ND samples, 
probably due to the antimicrobial effect of the added spices.
As expected, the initial homogenization of the meat caused greater distribution of 
microorganisms, which were at the highest level in SAU and SOP samples also after the 
ripening time, while in ND samples they were partially inhibited by the natural antimicrobial 
compounds present in spices. The levels of LAB, total aerobic mesophilic bacteria, yeasts and 
moulds, staphylococci and micrococci were quite similar to those reported by other authors 
(sAnz et al., 1997; moReTTi et al., 2004; sAchinDRA et al., 2005; ViuDA-mARTos et al., 2010). 
The Enterobacteriaceae exceeded 2 log CFU g–1 in SAU and SOP samples, while other authors 
found a lower value at the end of maturation (sAnz et al., 1997; moReTTi et al., 2004; KAmDem 
et al., 2007). On the other hand, coïsson and co-workers (2004) in their study on Italian salamini 
found a slight increase of coliforms during processing up to 104 CFU g–1 after fermentation, 
without the influence of pH lowering. However, this value is under the limit imposed by Italian 
legislation for this kind of products (Reg. EC n. 2073/2005; KAmDem et al., 2007).
The type of sample (CAP, ND, SAU and SOP) resulted significantly influential for all 
microbial populations, while the company only for yeasts and moulds (data not shown).
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2.4. Sensory analysis
Figure 2 shows the score plot of the Principal Component Analysis (PCA) related to the spicy 
sausage. The principal component, PC1, is positively related to the hardness, the overall 
flavour, and the orange tone, while it shows a negative correlation to the humidity. The second 
principal component, PC2, is principally linked to the spiciness of the samples.
Fig. 2. Score plot of PCA showing separation of sensory variables along principal components  
PC1 and PC2 for spicy sausage
Fig. 3. Score plot of PCA showing separation of sensory variables along principal components  
PC1 and PC2 for soppressata
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Figure 3 shows the score plot of soppressata. The principal component, PC1, is positively 
correlated to the hardness, the colour intensity and the overall flavour, but negatively to the 
humidity (as in the case of sausage). The second principal component, PC2, is positively 
linked to the spiciness and consistency of the samples.
Figure 4 describes the results of PCA performed on ‘nduja samples. The PC1 is positively 
correlated to the orange tone and spiciness, while the PC2 is related to the smoked, consistency, 
spreadability and greasy attributes. The ‘nduja samples showed two main clusters (data not 
shown). The first cluster is characterized by the spreadability, greasiness and a low level of 
spicines with a consequent lower orange colour. The second cluster showed a major intensity 
in orange colour and spiciness. These products reflect the habit of some provinces to use a 
greater amount of red pepper.
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Fig. 4. Score plot of PCA showing separation of sensory variables along principal components  
PC1 and PC2 for ‘nduja
Figure 5 shows the results of PCA performed on capocollo samples. The PC1 is 
positively correlated to overall flavour, hardness, saltiness, red tone and sliceability, while 
negatively to humidity. The PC2 is also positively related to spiciness, flavour and marbling, 
but negatively to sweet taste and colour uniformity. Concerning capocollo producer 
companies, the loading plot highlighted four clusters (data not shown). The variability of 
samples is caused by a higher number of attributes than the other types of products.
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Fig. 5. Score plot of PCA showing separation of sensory variables along principal components PC1 and PC2 for 
capocollo
3. Conclusions
The analysed cured meat products presented many differences depending on the producer. 
Probably the habits related to the different provinces had also an influence.
The ‘nduja samples showed the most chemical and microbiological differences among 
the analysed products, but this result was expected because of the different meat cuts and 
procedure used in relation to the other cured meat products.
The microbiological results were influenced both by company and product in a different 
way, depending on the considered microbial population.
According to the sensory analysis, all samples were acceptable. In particular, the samples 
of spicy sausage and soppressata showed the highest sensorial variability, while the ‘nduja 
samples were more easily clustered.
The results of this work drew attention to the high variability of typical food products of 
Southern Italy. In order to improve the level of quality, safety and standardization, the 
producers should adopt an uniform production method clearly defining product characteristics. 
Among technological options, the use of starters could help to obtain higher level of food 
safety and standardization.
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